There has been a major effort, all over the world, to increase an energy density of electrochemical capacitors to meet more demands for electric automotive and regenerative energy storage applications. Hybridizing batterycapacitor electrodes can certainly overcome the energy density limitation of the conventional electrochemical capacitors because they employ both the system of a battery-like (redox) and a capacitor-like (double-layer) electrode, producing a larger working voltage and capacitance. Nanoscience and nanotechnology can provide tremendous benefits to electrochemical energy storage devices, such as batteries and supercapacitors, by combining new nanoscale properties to realize enhanced energy and power capabilities. There are increasing number of published reports on hybrid systems. Several potential strategies to enhance the energy density above that of Gen.1 supercapacitors is now being discussed and some fundamental issues and future directions for Gen.2 & 3 will be identified in near future.
Overview
Dynamic energy storage by supercapacitors is an important energy and environmental technology that is highly influential in advancing our future automotive and wireless society. 13 Unlike batteries, supercapacitors are efficient energy storage devices that exhibit high power capability, long cycle life, long calendar life, and wide operational temperature ranges. 410 Figure 1 compares many different characteristics of Li-ion battery and supercapacitor, showing that, except for the energy density, supercapacitors are superior in most of the items than Li-ion batteries. Thus, the supercapacitor is regarded as a reliable, durable and safe technology 16 with increasing effectiveness when utilized in smart mobility and wireless applications. 6, 11 However, since the energy density of the current supercapacitors lies below 10 Wh L ¹1 , their uses are limited and cannot fully meet performance demands required by existing electronic appliances and electronic devices. In the past decade, supercapacitors have been vigorously researched worldwide in hopes to improve their energy density. In this special issue, there are about 30 contributions dealing with new electrode materials, new cell configurations, new electrolyte systems and other innovations relative to the recent advances in supercapacitors' technology.
Among them, hybrid approaches combining lithium-ion battery (LIB) and supercapacitor (EDLC) electrodes can overcome the energy density limitation 6, 10 and can double or triple the energy density of the conventional electrochemical capacitors (see Fig. 2 ).
However, the charge-discharge rates at the faradic electrodes must be increased to the levels of non-faradic electrodes in order to balance the two different systems. To meet these demands, stateof-the-art nano-carbon materials are actively applied to form composites enhancing the energy-power capability effectively. 12, 13 As shown in Fig. 3 , the Gen.1 supercapacitors utilize activated carbons for both their positive and negative electrodes that show non-faradaic, double-layer charging-discharging mechanism in symmetric configuration. With this system, the Gen.1 supercapacitor is extremely efficient regarding rapid charge-discharge characteristics compared with batteries. Hybridizing battery and capacitor electrodes has already started as Gen. redox electrode and low-energy & fast double-layer electrodes, possibly producing a larger working voltage and higher over-all capacitance. In order to smoothly operate such asymmetric systems, however, the rates of the two different electrodes must be highly balanced. Especially, the redox rates of the battery electrodes must be substantially increased to the levels of double-layer process. We attempt to identify the essential issues for the realizable hybrids and suggest ways to overcome the rate enhancement by exemplifying ultrafast performance of the Li 4 Ti 5 O 12 nanocrystal prepared via a unique in-situ material processing technology under ultra-centrifuging.
Outlook
Nanoscience and nanotechnology can provide tremendous benefits to electrochemical energy storage devices, such as batteries and supercapacitors, by combining new nanoscale properties to realize enhanced energy and power capabilities. There are increasing number of published reports on hybrid systems. Several potential strategies to enhance the energy density above that of Gen.1 supercapacitors is now being discussed and some fundamental issues and future directions will be identified in near future. Electrochemistry, 81(10), 775776 (2013) 
